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1
ION SOURCE DEVICE AND ION BEAM
GENERATING METHOD

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2012-64716,
filed on Mar. 22,2012, the disclosure of which is incorporated
herein in its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ion source device, and
more particularly, to an ion source device suitable for an ion
implantation apparatus and an ion beam generating method.

2. Description of Related Art

An ion source device for an ion implantation apparatus
which includes an electron source and a repeller for reflecting
electrons from the electron source is known (Japanese Unex-
amined Patent Application Publication No. 2002-117780).

Hereinafter, an example of an ion source device will be
described with reference to FIGS. 3A and 3B.

In FIGS. 3A and 3B, the ion source device includes an arc
chamber 20 having a space for plasma formation. The arc
chamber 20 includes a front slit 20-1 in a wall of a front face
thereof and an introduction unit 20-2 of a source gas in a wall
of a lateral face thereof. In addition, in the ion source device,
an electron source is installed at one of opposed locations of
the arc chamber 20 with the space for plasma formation that
is interposed therebetween, and a repeller 23 is installed at the
other one thereof. The electron source includes a filament 21
and a cathode 22. As shown in FIG. 3B, in front of the front slit
20-1, a suppression electrode 24 and a ground (GND) elec-
trode 25 which each have an opening through which an ion
beam passes are disposed in parallel with each other in an
extraction direction of the ion beam.

The ion source device is operated as follows. First, the
filament 21 generates heat by a filament power source 26 so as
to generate thermal electrons in a tip of the filament 21. The
generated thermal electrons are accelerated by a cathode
power source 27 so as to collide against the cathode 22, and
the cathode 22 is heated by heat generated at the time of
collision. The heated cathode 22 generates thermal electrons.
The generated thermal electrons are accelerated by an arc
voltage of an arc power source 28 that is applied between the
cathode 22 and the arc chamber 20, and the generated thermal
electrons are then discharged into the arc chamber 20 as beam
electrons having energy sufficient to ionize gas molecules.

Meanwhile, in the arc chamber 20, a source gas is intro-
duced from an introduction unit 20-2, and an external mag-
netic field F is applied. In addition, in the arc chamber 20, the
repeller 23 is provided so as to face a thermal electron dis-
charge face of the cathode 22. The repeller 23 has a function
to reflect electrons. A direction of the external magnetic field
F is parallel to an axis that connects the cathode 22 and the
repeller 23. For this reason, the beam electrons that are dis-
charged from the cathode 22 reciprocate between the cathode
22 and the repeller 23 along the external magnetic field F, and
then collide against source gas molecules that are introduced
into the arc chamber 20 so as to generate ions. As a result,
plasma is generated in the arc chamber 20.

Since the beam electrons are present within a nearly-lim-
ited range by an applied magnetic field, ions are mainly
generated within the range, and the ions arrive at an inner wall
of the arc chamber 20, the front slit 20-1, the cathode 22, and
the repeller 23 by diffusion and are lost in a wall surface.

On the other hand, an ion beam is extracted by passing
through a slit that is parallel to a magnetic field from plasma
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that is diffused to the front slit 20-1. A current of the ion beam
that is extracted (extraction current) depends greatly on
plasma density in the front slit 20-1. For example, if the
plasma density in the front slit 20-1 is high, an extractable
beam current (extraction current) increases.

Incidentally, it is not likely that plasma diffusion in a direc-
tion at a right angle to the external magnetic field F occurs in
the arc chamber 20, compared to plasma diffusion that is
parallel to the external magnetic field F. Accordingly, plasma
density rapidly decreases in the direction at a right angle to the
external magnetic field F. In an ion source device of the
related art, a beam extraction portion is placed at a location
where plasma diffuses in the direction at a right angle to the
external magnetic field F. In other words, the front slit 20-1 is
provided in a wall of the arc chamber 20 in a direction per-
pendicular to a direction of the external magnetic field F. For
this reason, the plasma density in the front slit 20-1 decreases,
and thus the amount of ion beam that is extracted, that is, the
extraction current, is also limited.

In the present situation, in order to increase a drawing
beam, that is, in order to increase the plasma density in the
front slit 20-1, a method of, for example, increasing a thermal
electron current from the cathode 22 is adopted. As a matter of
course, this causes a reduction in the life-span of the cathode
22 because the plasma density in the cathode 22 and the
repeller 23 also increases.

In an ion source device such as an ion implantation appa-
ratus, from the point of view of an increase in productivity, it
is required to further increase an extraction current from the
ion source device. In order to increase the extraction current,
it is required to generate plasma with a higher density in the
vicinity of an ion beam extraction portion (front slit) of the ion
source device. Accordingly, it is required to supply high
power to the ion source device.

SUMMARY OF INVENTION

The present invention aims to increase an extraction cur-
rent by increasing plasma density near an ion beam extraction
portion without supplying high power.

In one embodiment, there is provided an ion source device
for ion beam generation, wherein a cathode that discharges
thermal electrons for generating beam electrons that ionize
neutral molecules is provided in an arc chamber having a
space for plasma formation, and a repeller is disposed to face
a thermal electron discharge face of the cathode by interpos-
ing the space for plasma formation therebetween, wherein an
external magnetic field F that is induced by a source magnetic
field unit is applied to the space for plasma formation in a
direction parallel to an axis that connects the cathode and the
repeller, and wherein an opening is provided in a place cor-
responding to a portion in the repeller with the highest density
of plasma that is formed in the space for plasma formation,
and an ion beam is extracted from the opening.

In the ion source device, an extraction direction of the ion
beam may be parallel to the axis that connects the cathode and
the repeller.

In the ion source device, the opening may be provided in a
place facing an outlet opening of the ion beam of the arc
chamber. The opening and the outlet opening of the ion beam
may have a circular shape or any other shape.

In the ion source device, the opening may be a size that is
the same as or smaller than that of the outlet opening of the ion
beam and that does not decrease the density of the plasma that
is formed in the space for plasma formation.

The ion source device may include a mechanism that
allows the repeller to move in a direction of the axis that
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connects the cathode and the repeller and allows a gap
between the outlet opening of the ion beam and the repeller to
vary.

In the ion source device, the repeller may be in a floating
state without applying a potential, or a negative constant
potential or a negative variable potential may be applied to the
repeller.

In the ion source device, the arc chamber may have a
tubular shape, an electron source including the cathode may
be installed at one end in a central axis direction of the arc
chamber, the repeller may be installed at the other end
thereof, and the source magnetic field unit may be disposed
around the arc chamber so as to surround a tubular wall of the
arc chamber.

In another embodiment, there is provided an ion beam
generating method using an ion source device that has a
configuration in which a cathode that discharges thermal
electrons for generating beam electrons that ionize neutral
molecules is provided in an arc chamber having a space for
plasma formation, and a repeller is disposed to face a thermal
electron discharge face of the cathode by interposing the
space for plasma formation therebetween, the method includ-
ing: applying an external magnetic field F that is induced by
a source magnetic field unit to the space for plasma formation
in a direction parallel to an axis that connects the cathode and
the repeller; and extracting an ion beam from an opening that
is provided in a place corresponding to a portion in the repel-
ler with the highest density of plasma that is formed in the
space for plasma formation.

In the ion source device of the present invention, it is
possible to extract an ion beam from plasma with a high
density of several tens of times of plasma density in a plasma
extracting portion of the related art, thereby increasing a
beam current.

On the other hand, when a beam current that is equivalent
to the related art is obtained, there is an advantage in that
power to be supplied and an amount of gas to be introduced
may be low.

It is required to set a high voltage of an arc power source in
order to increase multivalent ions, but in the related art, when
intending to increase the plasma density of the cathode, the
life-span of a cathode is reduced. However, in the present
invention, rather than increasing the plasma density of a cath-
ode, the ion beam is allowed to be extracted from plasma that
is nearly equivalent to the plasma density of the cathode
which is high enough compared to the plasma density of a
plasma extracting portion of the related art, and thus the
life-span of the cathode is extended compared to a case of
increasing the plasma density of the cathode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are respectively a front view and a cross-
sectional side view for describing an ion source device
according to the present invention;

FIG. 2 is a cross-sectional side view for describing an
example of a mechanism for allowing a position of a repeller
to vary in the ion source device of FIGS. 1A and 1B; and

FIGS. 3A and 3B are respectively a cross-sectional front
view and a cross-sectional side view for describing an ion
source device of the related art.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, an embodiment of an ion source device
according to the present invention will be described with
reference to FIGS. 1A and 1B. FIG. 1A is a front view of the
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ion source device seen from an extraction portion of an ion
beam, and shows a case where a suppression electrode 14-1
and a ground electrode 14-2 shown in FIG. 1B are excluded.

[Configuration]

In FIGS. 1A and 1B, the ion source device includes an arc
chamber 10 having a space for plasma formation. The arc
chamber 10 is formed by transversely disposing a chamber
having a tubular shape, in particular a cylindrical shape, and
includes an electron source at one end (back face) thereof in
a central axis direction. Similarly to the electron source
described in FIGS. 3A and 3B, an electron source of the ion
source device includes a filament 11 and a cathode 12. The
cathode 12 discharges thermal electrons for generating beam
electrons that ionize neutral molecules from a thermal elec-
tron discharge face thereof. A repeller 13 is installed inside
the other end (front face) of the arc chamber 10 in the central
axis direction so as to face the thermal electron discharge face
of'the cathode 12 by interposing the space for plasma forma-
tion therebetween. An outlet opening 10-1 of the ion beam is
provided in the center of the other end of the arc chamber 10
in the central axis direction. In addition, a gas introduction
unit (not shown) for introducing a source gas into the space
for plasma formation is provided in the arc chamber 10.

Similarly to the example described in FIGS. 3A and 3B, a
filament power source 16 is connected to the filament 11, and
a cathode power source 17 and an arc power source 18 are
respectively connected between the filament 11 and the cath-
ode 12 and between the arc chamber 10 and the cathode 12.

A source magnetic field unit 30 is disposed around the arc
chamber 10 via a concentric heat shield 19 having a tubular
shape so as to surround a tubular wall of the arc chamber 10.
Here, the source magnetic field unit 30 is realized by a sole-
noid coil 30-1, and induces and applies an external magnetic
field F to the space for plasma formation in a direction parallel
to an axis that connects the cathode 12 and the repeller 13. The
source magnetic field unit 30 can include a magnetic field
caused by a permanent magnet device, in addition to a mag-
netic field caused by the solenoid coil 30-1.

As describedin FIGS. 3A and 3B, at the other end of the arc
chamber 10 in the central axis direction, the suppression
electrode 14-1 and the GND (ground) electrode 14-2 are
disposed at a location that is slightly distant outwards from
the outlet opening 10-1 of the ion beam so as to be parallel to
each other in an extraction direction of the ion beam.

In the above-mentioned configuration, in the embodiment,
the repeller 13 is disposed such that a predetermined gap G is
formed between the repeller 13 and the other end of the arc
chamber 10 in the central axis direction. In the repeller 13, an
opening 13-1 is provided in a place that faces the outlet
opening 10-1 of the ion beam. As will be described later, the
facing place is a place corresponding to a portion with the
highest ion density of plasma that is formed in the space for
plasma formation in the repeller 13 having a plate shape. As a
result, the extraction direction of the ion beam becomes par-
allel to the axis that connects the cathode 12 and the repeller
13, and centers of the opening 13-1 and the outlet opening
10-1 are consistent with a central axis of the ion beam that is
extracted from the opening 13-1 and the outlet opening 10-1.

Here, although both the opening 13-1 and the outlet open-
ing 10-1 have a circular shape, the opening 13-1 and the outlet
opening 10-1 can have any other shape. In addition, the open-
ing 13-1 is formed to have a size that is the same as or smaller
than that of the outlet opening 10-1 and that is set not to
decrease the density of the plasma that is formed in the space
for plasma formation.

Meanwhile, the repeller 13 can be in a so-called floating
state without applying a potential, or, a negative constant
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potential or a negative variable potential having a magnitude
sufficient to reflect beam electrons in a range of several tens of
volts can be applied to the repeller.

As described above, in the ion source device according to
the embodiment, similar to the related art, the cathode 12 that
discharges thermal electrons for generating beam electrons
that ionize neutral molecules is disposed in the arc chamber
10, and the repeller 13 is disposed to face the thermal electron
discharge face of the cathode 12. In addition, the external
magnetic field F that is induced by the solenoid coil 30-1 is
applied in a direction parallel to the axis that connects the
cathode 12 and the repeller 13.

Here, in the related art, regarding the extraction of an ion
beam, a front slit is provided in a wall of a front face of an arc
chamber in a direction perpendicular to a direction of an
external magnetic field F to extract the ion beam.

To this, in the embodiment, the opening 13-1 is provided in
aplace of the repeller 13 which corresponds to a portion with
the highest ion density of plasma that is formed in a space for
plasma formation, and the ion beam is extracted via the outlet
opening 10-1 from the opening 13-1. It can be also said that
such an ion source device has a so-called axisymmetric struc-
ture.

[Functions]

Hereinafter, functions of the opening 13-1 will be
described.

In general, the beam electrons emitted from the cathode 12
move along the external magnetic field F and are then recoiled
atthe repeller 13. The beam electrons ionize a neutral gas that
is introduced from the gas introduction unit while the beam
electrons are reciprocating between the cathode 12 and the
repeller 13. Generated ions diffuse to an inner wall of the arc
chamber around one.

For this reason, the plasma density is highest on the axis
that connects the cathode 12 and the repeller 13 at a point A
(see FIG. 1A) that is a center of the space for plasma forma-
tion, and the plasma density rapidly decreases ata point B (in
the vicinity of the tubular wall of the arc chamber 10) at which
the plasma diffuses across the external magnetic field F.

On the other hand, at a point C that is close to the repeller
13 and is on the axis that connects the cathode 12 and the
repeller 13, the plasma density is high because the plasma
easily diffuses due to diffusion in a direction along the exter-
nal magnetic field F, that is, a so-called bipolar diffusion. This
also applies even in a place that is close to the cathode 12. In
a plasma density calculation under certain conditions, the
point B is about Y100 of the point A, while the point C is about
14 of the point A. Therefore, in the embodiment, the plasma
density of the point C that extracts the ion beam is higher
about 50 times than the plasma density of the point B corre-
sponding to an ion beam extraction portion of the related art.

Meanwhile, when the opening 13-1 is provided in the
repeller 13, some of the beam electrons contributing to the
ionization of neutral molecules are not recoiled at the repeller
13. However, since the beam electrons arrive at the extraction
portion and are then recoiled by an extraction potential, the
generation efficiency of plasma does not decrease.

In addition, the plasma density around the outlet opening of
the ion beam can be adjusted by allowing a distance (gap G)
between the repeller 13 and the outlet opening 10-1 of the ion
beam to vary, and thus the ion beam with a better character-
istic can be extracted.

FIG. 2 shows an example of a mechanism for allowing a
position of the repeller 13 to change the size of the gap G
between the repeller 13 and the outlet opening 10-1 of the ion
beam. In FIG. 2, a repeller position adjustment device 45 is
provided outside of a cover member 40 that is provided at one
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end (back face) of the ion source device. The repeller position
adjustment device 45 penetrates the cover member 40 and
includes a shaft member 46 that extends to the other end of the
arc chamber 10 between the arc chamber 10 and the heat
shield 19. The repeller position adjustment device 45 has a
structure capable of manually or automatically displacing the
shaft member 46 in an axial direction. A tip of the shaft
member 46 has a hook shape so as to hold the repeller 13 via
an opening provided in a side wall of the arc chamber 10, and
allows the held repeller 13 to approach and separate with
respect to the outlet opening 10-1 of the arc chamber 10.
Reference numeral 47 denotes a vacuum seal. In addition, as
in the ion source device of Japanese Unexamined Patent
Application Publication No. 2002-117780, when both a
repeller and a beam extraction hole are used, the beam extrac-
tion hole becomes a negative potential similar to the repeller,
and the beam extraction hole is deformed due to severe sput-
tering in a short time, thereby creating problems in beam
extraction. To this, according to the present invention, the
repeller has a negative potential, while the beam extraction
hole has the same potential as the plasma, and thus the beam
extraction hole is not deformed, thereby extending the life-
span of the beam extraction hole.

According to the above-mentioned embodiment, it is pos-
sible to extract an ion beam from plasma with a high density
of'several tens of times of plasma density in a plasma extrac-
tion portion of the related art, thereby increasing a beam
current. On the other hand, when a beam current that is
equivalent to the related art is obtained, power to be supplied
and an amount of gas to be introduced can be low.

In the related art, if the plasma density of a cathode is
increased in order to increase the plasma density of an extrac-
tion portion of an ion beam, the life-span of the cathode is
reduced. However, in the above-mentioned embodiment,
rather than increasing the plasma density of a cathode, the ion
beam is allowed to be extracted from plasma that is nearly
equivalent to the plasma density of the cathode which is high
enough compared to the plasma density of a plasma extrac-
tion portion of the related art, and thus the life-span of the
cathode is extended compared to a case of increasing the
plasma density of the cathode.

As mentioned above, although the preferred embodiments
of the present invention have been described herein, the
present invention is not limited to these embodiments. The
configuration and details of the present invention can be
modified in various ways without departing from the scope
and spirit of the present invention described in claims.

What is claimed is:
1. An ion source device for ion beam generation,
wherein a cathode that discharges thermal electrons for
generating beam electrons that ionize neutral molecules
is provided in an arc chamber having a space for plasma
formation, and a repeller is disposed to face a thermal
electron discharge face of the cathode by interposing the
space for plasma formation therebetween,
wherein an external magnetic field F that is induced by a
source magnetic field unit is applied to the space for
plasma formation in a direction parallel to an axis that
connects the cathode and the repeller, and
wherein an opening is provided in a place corresponding to
a portion in the repeller with the highest density of
plasma that is formed in the space for plasma formation,
and an ion beam is extracted from the opening.
2. The ion source device according to claim 1, wherein an
extraction direction of the ion beam is parallel to the axis that
connects the cathode and the repeller.
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3. The ion source device according to claim 1, wherein the
opening is provided in a place facing an outlet opening of the
ion beam of the arc chamber, and the opening and the outlet
opening of the ion beam have a circular shape.

4. The ion source device according to claim 3, wherein the
opening has a size that is the same as or smaller than that of the
outlet opening of the ion beam and that does not decrease the
density of the plasma that is formed in the space for plasma
formation.

5. The ion source device according to claim 3, comprising:

amechanism that allows the repeller to move in a direction

of'the axis that connects the cathode and the repeller and
allows the size of a gap between the outlet opening of the
ion beam and the repeller to be changed.

6. The ion source device according to claim 1, wherein the
repeller is in a floating state without applying a potential.

7. The ion source device according to claim 1, wherein a
negative constant potential or a negative variable potential is
applied to the repeller.

8. The ion source device according to claim 1, wherein the
arc chamber has a tubular shape, an electron source including
the cathode is installed at one end in a central axis direction of
the arc chamber, the repeller is installed at the other end
thereof, and the source magnetic field unit is disposed around
the arc chamber so as to surround a tubular wall of the arc
chamber.
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9. An ion beam generating method using an ion source
device that has a configuration in which a cathode that dis-
charges thermal electrons for generating beam electrons that
ionize neutral molecules is provided in an arc chamber having
a space for plasma formation, and a repeller is disposed to
face a thermal electron discharge face of the cathode by
interposing the space for plasma formation therebetween, the
method comprising:

applying an external magnetic field F that is induced by a

source magnetic field unit to the space for plasma for-
mation in a direction parallel to an axis that connects the
cathode and the repeller; and

extracting an ion beam from an opening that is provided in

aplace corresponding to a portion in the repeller with the
highest density of plasma that is formed in the space for
plasma formation.

10. The ion beam generating method according to claim 9,
wherein an extraction direction of the ion beam is parallel to
the axis that connects the cathode and the repeller.

11. The ion source device according to claim 1, wherein the
arc chamber has a tubular shape, the cathode is installed at one
end of the arc chamber in a central axis direction, an outlet
opening of an ion beam is provided at another end of the arc
chamber in the central axis direction, and the repeller is
installed inside the other end of the arc chamber in the central
axis direction.



